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© POTENTIALLY ELASTIC CONJUGATE FIBER, PRODUCTION THEREOF, AND PRODUCTION OF 
FIBROUS STRUCTURE WITH ELASTICITY IN EXPANSION AND CONTRACTION. 

© A potentially elastic conjugate fiber, preferably a core-sheath conjugate fiber composed of a polyurethane as 
the core and a polyester as the sheath, wherein the ratio of a polyurethane component having allophanate cross- 
linkages to a linear polyester component readily soluble in water or an aqueous alkali solution ranges from 1/1 to 
90/1 and the polyester component is exposed on the surface of the fiber in its cross-section. Although the core 
component has a high tensile strength and a large elongation at break, these properties are controlled by the 
sheath component. Therefore, this fiber can be formed into a fibrous structure with good workability similar to 
that of ordinary synthetic fibers, and the obtained structure develops characteristics as an elastic polyurethane 
filament when treated with water or alkali. 
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Technical field. 

The present invention relates to a composite filament having an excellent potentially elastic stretchabil- 
ity and recoverability, specifically a composite filament wherein a fiber-forming polymer having an excellent 

5 elastic stretchability and recoverability is conjugated with another fiber-forming polymer readily soluble in 
water or an aqueous alkali solution and less stretchable than the above polymer, so as to restrain a part of 
the elastic stretchability and recoverability of the former by the latter; a manufacturing process thereof; and 
a process for developing an excellent elastic stretchability and recoverability of textile structures comprising 
such a composite filament, for example, yarns, fabrics, secondary products thereof, or the like, by 

to subjecting the textile structures to a treatment with water or an aqueous alkali solution. In this description 
and the appended claims, the term "readily soluble in water" should be understood to mean a quality of 
being substantially soluble in hot water and an aqueous alkali solution, and the term "readily soluble in an 
aqueous alkali solution*' should be understood to mean a quality of being soluble in an aqueous alkali 
solution but being hardly or not soluble in hot water. Further, the term "water treatment" should be 

75 understood to include "an aqueous alkali solution treatment". 

Background art. 

Polyurethane elastomer yarns have been used in diversified fields in view of excellent physical 
20 properties thereof. However, due to their characteristics such as tackiness, high elongation, low modulus, or 
the like, these yarns have posed problems in abilities of being taken up during spinning and of yarn 
handling and operating in succeeding steps such as various yarn processings, knitting, weaving, and the 
like 

In order to decrease the tackiness, attempts have been made mainly by means of oiling agents. For 
25 example, oiling agents predominantly comprising dimethyl silicone admixed with a metallic soap or 
monoamines, and so forth, have been proposed in Japanese Patent Publication Nos. 5,557/65 and 
16,312/71. Alternatively, as another method for preventing the tackiness, we, the present inventors, have 
proposed in Japanese Patent Publication No. 14,245/86 a manufacturing process of core and sheath type 
polyurethane based, elastic composite filaments comprising a urethane sheath and a crosslinked polyure- 
30 thane core. 

Further, as a different method for improving a yarn handling ability in succeeding steps, mention may 
be made of processes for decreasing elongation of polyurethane elastomer yarns, such as by covering with 
nylon yarns or the like, or hot or cold drawing. Furthermore, Japanese Patent Publication No. 8,606/80 
discloses a composite filament having a potential rubber-like elasticity, composed of a water-soluble 

35 poly amide predominantly comprising a poly-bis(propoxy)ethaneadipamide conjugated with a polyurethane, 
which can develop its rubber-like elasticity by water treatment. 

Among the above, an effect of improvement by means of oiling has been recognized to a certain extent 
but is limited and not perfect. Namely, suppose the case of spinning and taking-up on a take-up roll, if the 
tackiness of the yarns are reduced, the take-up operation tends to become impossible to continue for a long 

40 time due to cobwebbing, collapsing, etc. of the yarn package. This tendency becomes remarkable with 
increasing take-up speed (for example, to 500 m/min. or more) and with decreasing diameter of the yarn 
package (for example, to 100 mm or less) during taking-up. In contrast, if the yarns are made tacky, a long 
time take-up operation will be able to be conducted, whereas a serious trouble in succeeding steps will 
occur due to difficulties in yarn unwinding. Thus, only a delicate control of oiling agents does not 

45 necessarily cope with the difficulties. 

Alternatively, in the case of elastic, urethane-urethane type core and sheath composite filaments, 
difficulties have been encountered in winding at a high speed on bobbins of a small diameter, in unwinding 
in the axial direction o1 yarn packages which has been usually performed with nylon yarns, polyester yarns 
or the like, and in yarn handling in succeeding steps. 

so On the other hand, the drawing process for decreasing the elongation of the polyurethane elastic yarns 

presents a problem such that special methods and apparatuses are required since yarn packages cannot be 
unwound in the axial direction with usual drawing machines. Alternatively, in the case of hot drawing, a 
contact process is liable to cause yarn breakages due to a high friction of polyurethane elastic yarns, so it 
raises a problem in operation and, therefore, a non-contact process is required. Further, in order to heat-set 

55 polyurethane elastic yarns, a considerably severe condition, such as a high temperature or high elongation, 
is required. Thus, physical properties of the polyurethane elastic yarns will have been deteriorated before 
the yarns proceed to the succeeding steps and there is a fear of impairing qualities of final products. 
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Processes for covering a polyurethane elastic yarn with a nylon yarn or the like require a special 
equipment and, further, pose a different problem of an extremely low output rate. 

Furthermore, with respect to the elastic composite filaments comprising a water-soluble polyamide 
sheath component and a polyurethane core component, the yield is low in the synthesis of starting 
materials of this polyamide i.e. diamines having ether-linkages, and spinning is difficult due to low thermal 
and melt stabilities of the obtained polyamides, so that these filaments have never been commercialized 

Alternatively, it is the present situation that a production rate of polyurethane elastomer yarns is low as 
compared with general-purpose polymer yarns, such as nylon yarns, polyester yarns or the like For 
example, the spinning rate of the polyurethanes in the case of melt-spinning is said to be limited in about 
500 m/min. This is because, as described in the Journal of Textile Society in Japan vol 47 p 581 (1991) 
tak.ng-up of the spun filaments becomes difficult as liability of molecular orientation increases with 
increasing spinning rate, resulting in hardening of the spun filaments, and due to high elongation of the 
filaments. A breakthrough has never been made in achieving speedup to overcome the restriction of a low 
modulus inherent in polyurethane filaments. 

In Japanese Patent Application Publication No. 6286/89, there has been proposed a composite filament 
comprising a copolyester soluble in hot water as one component which is readily convertible into an 
ultraf.ne filament yarn or a filament having a special, hetero-cross-sectional shape by removing the 
copolyester with hot water. However, the filaments obtained by the hot water treatment have too little 
elasticity to come under the concept of the potentially elastic filaments directed to by the present invention. 

Disclosure of invention 

The present invention, therefore, is aimed to provide a novel potentially elastic composite filament yarn 
which can be fabricated into textile structures, such as yarns, thread, fabrics, secondary textile products or 
the like, by handling in the same manner as general synthetic fibers, such as nylon or the like and further 
can recover substantially completely properties as a polyurethane elastomer yarn through a water treatment 
or alkali treatment, such as scouring, dyeing or the like. 

A further object of the present invention is to provide a process for manufacturing commercially 
advantageously at a low cost polyurethane elastomer filament yarns having a low modulus which can be 
taken up at the same take-up speed as general synthetic filament yarns, such as nylon yarns or the like 

The present inventors, as the result of assiduous studies to achieve the above objects have accom- 
plished the present invention. 

Namely, the potentially elastic composite filament according to the present invention is characterized by 
a unitary filament compr.s.ng, as a polyurethane component, a crosslinked polyurethane having mainly an 
allophanate crosslinked structure, with a Shore A hardness of 75-98. and, as a polyester component a 
polyester readily soluble in water or an aqueous alkali solution, bonded to each other at' a 
polyurethane/poly ester conjugate ratio (cross-sectional area ratio) ranging from 1/1 to 90/1 extending 
uniformly along the length of the filament, said polyester component being exposed on the surface of the 
filament and said polyurethane component alone being developable a tensile strength of 1 0-5 5 q/d an 
elongation at break of 350-1.200% and an excellent elastic recoverability. ~ ' 

The conjugate shape of the above composite filament is most preferably of a core and sheath type 
composed of the polyurethane as the core component and the polyester as the sheath component 

The crosslink density of the above allophanate crosslinked structure is preferably at least 6 umol/a 
more preferably at least 10 umol/g. 

The above polyurethane/polyester conjugate ratio is preferably in the range of 1/1 to 50/1 more 
preferably in the range of 1/1 to 5/1. In general, a preferred value of the above tensile strength is in the 
range of 2.5 to 4.5 g/d and, however, when the conjugate ratio is in the range of 1/1 to 5/1 a tensile 
strength of the filament is preferred to be in the range of 1.8 to 5.5 g/d. 

The above elongation at break is preferably 400-800%. 

A preferred embodimenl of the polyesters readily soluble in water is formed from, as an acid ingredient 
5-20 mol.% of an aromatic dicarboxylic acid and/or its ester-formable derivative (A ingredient) at least 55 
mol.% of an aromatic dicarboxylic acid and/or its ester-formable derivative other than the A ingredient (B 
ingred.ent), an ahcyclic dicarboxylic acid and/or its ester-formable derivative (C ingredient) and an aliphatic 
dicarboxylic acid and/or its ester-formable derivative (D ingredient) and, as a glycol ingredient, at least 50 
mol.% of ethylene glycol, said C ingredient and D ingredient satisfying the following relation: 

0 mol.% < C + 4D ^ 40 mol. 
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Tgrediem. ° TePreSent fraCti ° nS °' ^ C inQredient and D in 9redient. respectively, in the total acid 

• ^.nr^ 6 '' 3 f 8 Pr ! ferr6d embodimen, of the Polyesters readily soluble in an aqueous alkali solution 
men,,on may be made of copolyesters formed from tereph.halic acid, isophthalic acid and a dicarboxyTc 
s acd havmg a sulfonate group as acid ingredients, and ethylene glycol as a diol ingredient Carbox y" c 
. The above polyesters readily soluble in water or an aqueous alkali solution preferably have a glass 
transition temperature of 35-80 *C. c.o.auiy nave a giass 

The process for manufacturing potentially elastic composite filament yarns according to the present 
,„ 75 V To SB "and ? Ct T f * T" * Po-yurethane having a SUol A h aX s s of 

2 ,! , P y ' read " y SO ' Ub,e in waler or an a ^ eous alkali solution, admixing the resultino 

po yurethane melt with a po.yisocyanate. and then conjugate-spinning the both molten po ymers a a 

Sion ?! : n ^ 51 " C ° njU9a,E ra,i ° by V0 ' Ume °' 1/1 t0 90/1 in such a arrangement in The cross 

r a £T h 'ft " ? P0 ' yeSter may bG SXP0Sed °" the Surface °' the •""••i <°»°wed by taking 

up at a take-up speed of 300-3,000 m/min. ^ 

75 rnJ^ST' ^ rOCeSS f ° r manufac1uri "9 «oxtile structures having an elastic stretchability and re- 
tZ l T" *kT ? 9 ,0 PreS9nt inVenti ° n iS cha ^cteri 2 ed by fabrioating a textile structure with the 
above-described potentially elastic composite filament yarn and treating said Textile structure with waler or 
an aqueous alka,, solut,on under heating to substantially dissolve and remove the aforesaid polyester 

20 Brief description of drawings 

a P pe T nldTa e wings Venti0n ^ m0re detaM hereina " er with re,erence *> *• 
In the drawings: 

25 Fig. 1 is a cross-sectional view showing an example of a preferred conjugate shape of the composite 

filament according to the present invention; and composite 

SL 2 ™ ?H VertiCal SeCti °r al Vi6W Sh ° Win9 an examp,e of a preferred core and sheath type spinneret for 
sp.nn.ng the compos.te filament yarn according to the present invention. 

30 Best mode for carrying out the invention 

th an I h H P °' y ^ thane constituting the filament of the present invention is meant by a crosslinked polyure- 
2£J 7 T 3 ,hermoplastic Poly-ethane. The thermoplastic polyurethane is a meft spinna^ 
35 Z a h ohm r ? C, H 9 , a hi9h m ° leCUlar di °' With an ° r9anic dii ^yanate and a chain extender 

polvfelame hv.Z . , menti ° n may be made ° f 9 ' yC0,S ' Such as ^her-based polyols, such as 
poly etramethylene glycol, polypropylene glycol or the like, and ester-based polyols. such as po.yhex- 

ZTn TT T 9 yC01 ' po, y bu, V'oneadipa,e glycol, polycarbonate diol. po.ycaprolactone diol or * fike 
binaSn * V 9r ° UPS " * mMar wei9ht of 500 " S ^ alone or incom 

40 h„nf a t f ai " extender - mention may be made of 1,4-butane diol, ethylene glycol, propylene glycol bis- 
hydroxyethoxy-benzene and the like. "Hy.ene yiycoi, dis 

diiso^eTtv!^ T^" * °' ,o| y |e ^ d ^ocyanate (TDI), 4.4'-dipheny.me.hane 

m!x°ures theriT non -y e,l °™9 dnsocyanate. such as 1.6-hexane diisocyanate or the like, and 

In the present invention, thermoplastic polyurethanes polymerized from these ingredients in a process 
known per se. having a JlS-Shore A hardness in the range of 75 to 98, are applied A hardness less fhan 75 
tends to pose problems such that the obtained composite filaments have a poor elast ^ recoverabi W and 

Z^TTT PraCt Cab ' e hSat r6SiStiVity - if the hardness exce«ta 98, problems 

such that the polyurethane itself will exhibit such a poor elastic recoverability that elastic 2eS ol 

roSa I'Z°'? e eXP f C,ed Un,6SS d6Pendin9 UP ° n 3 Crimped SM znTZTerle. 

zz:cz:zTeTsT 9 7. of such a po,yurethane are iimited in a — ran9e - pre,erab,y - »• 

Polyurethanes to be applied to the present invention, if required, may be incorporated with a known 

55 T« r ^ t,tani r dl '° Xide ' UV S,abMi2erS ' UV abSOrbers ' ""ti-fungus agents or She .Ike 

™ J h f Pr ° V,de P°'y urethane laments with a further heat resistivity and a further elastic re- 
structure y which e is m o a bta": To' 6 °' , S CrOSS ' inked P °'V-' ba - saving mainly 'an a.lophanate 
thane A S 1 omcL T I 9 ' P °'y isoc y anate < ha abovementioned thermoplastic polyure- 

thane. As a process for manufactunng the crosslinked polyurethane. the process that the present inventors 
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proposed in Japanese Patent Application Publication No. 46573/83 may be employed, wherein a molten 
thermoplastic polyurethane is admixed with a polyisocyanate and allophanate crosslinkages are completed 
during or after spinning. 

This polyisocyanate is a compound comprising a polyol ingredient and an isocyanate ingredient having 
at least 2, preferably 2-3 isocyanate groups in its molecule. As a polyol ingredient, the above-described 
d.ols hav.ng a molecular weight of 500-4,000 to be empolyed in synthesis of polyurethanes and, besides 
mixtures of a diol with a triol having an average functionality of 2-3, or synthetic polyols having a 
functionality of 2-3. may be suitably employed. On the other hand, as an isocyanate ingredient, the above- 
descnbed diisocyanate to be used in synthesis of polyurethanes, organic diisocyanate trimers, reaction 
products of tnmethylol propane with an organic diisocyanate, or isocyanates having a functionality ranging 
^ from 2 to 3, for example, carbodiimide-modified isocyanates. or the like, may be employed alone or in 
combination. 

The reaction of the above both ingredients can be conducted according to any known processes and 
however, the reaction is preferred to be conducted so as to yield an excess of isocyanate content Needless 
to say. this content should be selected depending upon aimed physical properties, such as heat resistivity 
recoverabihty or the like, and the species of the polyol to be used. 

The amount of the polyisocyanate to be added, though it depends on the NCO content and species of 
the poly.socyanate to be used, is preferred generally to be in the range of 5 to 40% by weight based on the 
mixture of a polyurethane with this polyisocyanate. An amount of the added polyisocyanate in excess of 
40 /o by weight is not preferred, because the spinning operation will be instabilized due to uneven mixing or 
mechanical properties of the resulting yarns tend to become unsatisfactory. An amount of less than 5%' by 
weight is also not preferred, because an expecting heat resistivity is hardly obtained. A preferable range is 
. 10 to 30% by weight. 

Thus, a crosslinked structure mainly comprising allophanate crosslinkages is formed in a polyurethane 
In this instance, urea linkages included in the polymer will form biuret linkages to extremely deteriorate the 
spinnabihty, so that it is not preferred. Namely, the biuret crosslinkages have a rate of formation higher than 
the allophanate crosslinkages so that the viscosity of the melt system during spinning may be liable to 
increase too much to conduct a stabilized spinning operation. 

A crosslink density in the crosslinked polyurethanes is preferred to be at least 6 umol/g when it is 
determined after dissolving the polyester component readily soluble in water or an aqueous alkali solution 
constituting the composite filament yarn. If it is less than 6 umol/g. heat resistivity as a composite filament! 
yarn, namely, a practicable heat resistivity is difficult to obtain. At least 10 umol/g is more preferable In this 
instance according to the above process, a polyurethane component having a high crosslink density and 
thereby being msolubilized in any solvent is naturally considered to be produced. However, needless to say 
such a system can suitably be employed insofar as it has a good spinnability. Additionally, determination of 
the crosslink density of crosslinked polyurethanes was conducted according to the following method 

After dissolving a polyester component in its solvent, 1 g of a polyurethane was stirred in a 
d.methylsulfoxide/methanol mixed solution at 23 -C for 12 hours and then dissolved in a dimethylsulfoxide 
solution containing about 200 umol/g of n-butylamine at 23 «C over 24 hours. Then, the n-butylamine was 
back titrated by a "1/100-1 /SON HCI-methanol solution using bromphenol blue as an indicator to find the 
crosslink density. 

On the other hand, the polyesters readily soluble in water to be used in the present invention are for 
example, copolymers which are readily soluble in hot water at at least about 50 -C but very hardly soluble 
■n or very hardly tackilied with water at room temperature. Such copolymers preferably have a composition 
as follows: namely, a composition comprising, as an acid ingredient, terephthalic acid, isophthalic acid a 
dicarboxyhc acid having a sulfonate group and/or an ester-derivative thereof and an alicyclic dicarboxylic 
acid and, as a diol ingredient, ethylene glycol, neopentylene glycol, diethylene glycol or the like In a 
preferable embodiment, as an aromatic dicarboxylic acid having a sulfonate group and/or its ester-formable 
derivative (A-,ngredient), use may be made of those having an alkali metal sulfonate group, such as an 
alkali metal salt of. for example. 4-sulfoisophthalic acid, 5-sulfoisophthalic acid, sulfoterephthalic acid 4- 
sulfophthahc acid, 4-sulfonaphthalene-2,7-dicarboxylic acid. 5-[sulfophenoxy]isophthalic acid or the like' or 
ester-formable derivatives thereof. Among the above, 5-sulfoisophthalic acid sodium salt or its ester- 
formable derivatives are particularly preferred. The content of these dicarboxylic acids having a sulfonate 
group and/or ester-formable derivatives thereof is preferred to be in the range of 5 to 20 mol % more 
preferably, 6 to 12 mol.% based on the total dicarboxylic acid ingredients, from the standpoints of 'ready- 
solubil.ly ,n water and resistivity to water. If this content is less than 5 mol.%, the ready-solubility in water 
decreases, while if it exceeds 20 mol.%, a trouble during polymerization, a poor operability during 
pelleting and the like will be caused and thereby a handling ability, thermoplasticity or the like of the 
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polymers may be negatively affected, so that either case is not preferred. 

As aromatic dicarboxylic acids and/or ester-formable derivatives thereof other than the above A- 
ingredient (B-mgredient), terephthalic acid and/or its ester-formable derivatives (B1 -ingredient) and isoph- 
thahc aad and/or ,ts ester-formable derivatives (B2-ingredient) are preferred from the standpoints of 
tZ f . ?,h T m T S ' indus,rializabili 'y *<* Vision of good mechanical properties. Further, the 
content of the ^above B-,ngredient is preferred to be at least 55 mol.% based on the total dicarboxylic acids. 
If it is less than 55 mol.%, physical properties, particularly hot melt stability and heat resistivity of the 
resulting polymers tend to be impaired, so that it is not preferred. Besides, the mo.ar ratio of Bt ingredient 
to B2 ingredient ,s preferred to be in the range of 2/8 to 8/2. more preferably 3/7 to 7/3. from the 
standpoints of non-crystallizability and ready-solubility in water. 

As an alicyclic dicarboxylic acid and/or its ester-formable derivatives (C-ingredient), use may be made 
of 1,4-cyclohexane dicarboxylic acid. 1 ,3-cyclohexane dicarboxylic acid. 1 .2-cyclohexane dicarboxylic acid 
1.3-cyclopentane d.carboxylic acid, 4,4'-bicyclohexyl dicarboxylic acid and the like or ester-formable 
derivatives thereof. Additionally, linear aliphatic dicarboxylic acids or ester-formable derivatives thereof may 
be used ,n an amounl of at most 10 mol.% based on the total dicarboxylic acid ingredients. As such a 
d.carboxylic acid .ngredient, mention may be made of aliphatic dicarboxylic acids, such as adipic acid 
p.mel.c acid, suberic acid, azelaic acid, sebacic acid or the like, or ester-formable derivatives thereof If the 
above l.near al.phatic dicarboxylic acid ingredient is too excessive, the resulting polymer pellets not only 
become blocking-prone but also have a poor water-resistivity, so that it is not preferred. Namely in a 
preferable embodiment of the polyesters, readily soluble in water, a linear aliphatic dicarboxylic acid and/or 
its ester-formable derivative (D-ingredient) and the above C-ingredient are desired to satisfy the relation: 

0 mol.% S C + 4D £ 40 mol.% 

wherein C and D represent mol fractions of C-ingredient and D-ingredient, respectively, based on the total 
acd ingredients, not only in order to prevent blocking of the resulting polymer pellets but also from the 
standpoint of water-resistividy. This is because, if the above relation is not satisfied in such a case or 
another where, for example, the D-ingredient content is 20 mol.% and the C-ingredient content is 0 mol % 
the resulting polymer will have a glass transition temperature of about room temperature, causing a poor 
handling property as well as a liability to deterioration of physical properties 

Additionally in the present invention, as a dicarboxylic acid ingredient other than the above, an aromatic 
dicarboxyhc acid or its ester-formable derivative may be used in an amount of at most 30 mol.% based on 
the total dicarboxyhc acid ingredients. As these dicarboxylic acid ingredients, mention may be made of 
^ ,! X ?!k ? ddS SUCh 3S phtha ' iC add - 2 ' 5 " di ™thyl terephthalic acid. 2,6-naphthalene dicarbox- 
derivatiles thereof d.carboxylic acid, biphenyl dicarboxylic acid, or the like, or ester-formable 

ha cJ? ,he ° th f , h f nd ; as a di0 ' in 9redient, ethylene glycol is employed in an amount of at least 50 mol.% 
based on the total g^col ingredients, from the standpoint of spinnability of the resulting copolyesters 
Further, glycol mgredients other than ethylene glycol, such as. 1 ,4-butanediol. neopentylglycol 14- 
cyclohexane d.methanol. diethylene glycol, triethylene glycol, polyethylene glycol or the like, may be used 
in such an amount as not to negatively affect the mechanical properties, hot melt stability or the like 

As a preferable embodiment of polyesters readily soluble in water thus obtained, mention may be made 
of copolyesters obtained by copolymerizing at least 4 acid ingredients of (A) 5-15 mol.%. based on the total 

t" r a«v X e fBt?5 8 n 0 9r mn;T ,S h O, I diC3 ;; boxylic acid havin ° * sulfonate group and/or its ester-formab.e 
tZ , T ( ? 55 ; 80 < mo, % ' based on ,he tolal dicarboxylic acid ingredients, of a mixture of terephthalic 
in LTJ°J> V ,er ;. ,0rmable derivative (terephthalic acid ingredient) with isophthalic acid and/or its ester- 
ormable derivative (.sophthahc acid ingredient) at a mo.ar ratio of 30/70-70/30, (C, 5-30 mol.%. based on 

:Vl™ZLT m9red,en,S ' " " a ' iCyC,iC diCarb0Xy ' iC ^ ^ itS -er-formab,e derivative. 

The above polyesters to be used in the present invention are readily soluble in water. The term "readily 

tc ?Zll W ?X TTT t0 I" Pr6Sem inVemi ° n iS n °' l ° be precisely cons,rued Pnysicochemically J 
L \ SUb f ^ ant,ally soluble and/or fine 'V dispersible in water". For example, it includes such an 
t !""?• f ' be : s ' when soaked ,or 3 ™™es in a hot water bath at 95'C at a bath ratio of 100, are 
completely dissolved and dispersed therein. 

3«5 ,o S i?n C .r a P °' yeS ! er r ! ad l' y S °' Uble in Watef ' th ° Se havin9 a 9 ,ass lransilion temperature in the range of 
ft J, 5 pre,erred - " the 9 ,ass transition temperature is less than 35 'C. the handling property of 

rxceeds a, l1u. C c°T^n ,i,amen : ""7 lendS * be impai ' ed ' so thal « is "* Purred. Con'ari.y. i, it 
exceeds 110 C. solub.l.ty .n water w.ll become insufficient, so that it is not preferred, either. As far as it is 
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w.th.n the above range, the polyester is readily soluble, for example, in hot water at at least 50 -C but very 
hardly soluble in or hardly tackified by water at less than 50 ■ C, so that it has a good handling. property The 
K?r S J>?«T { * mpe ' aXure is ^termined with a thermoanalyser (the trademark. TAS 100. manufactured by 
r' G i* U K . K - ) bV elevatm9 the lem Perature once up to 180 -.C at a temperature increasing rate of 
again * ^ ^ COOlin 9. d0wn t0 -150 "C and thereafter elevating the temperature 

In order to provide .copolyesters hardly soluble in water at at most 30 -C. the glass transition 
temperature is an important factor and, for this purpose, the composition and its ingredient ratio are 
preferred to be determined so that the glass transition temperature may be a temperature of above 40- 

Further, as a polyester readily soluble in an aqueous alkali solution, mention may be made of 
copolyesters comprising terephthalic acid, isophthalic acid and a dicarboxylic acid having a sulfonate group 
as a dicarboxylic acid ingredient, and ethylene glycol, as a diol ingredient. For example, it includes those 
obtained by copolymer.zing a polymer comprising isophthalic acid/terephthalic acid/ethylene glycol with at 
least 2.5 mol.%. preferably at leas. 3.3 mol.%, of 5-sulfoisophthalic acid or its metal salt, or with at least 6% 
by weight of a polyethylene glycol. 

The polyesters readily soluble in water or an aqueous alkali solution are preferred to be fiber-forming 
-near polymers and melt-spinnable, and desired to exhibit fluidity at a temperature ranging for example 
rom 180 to 300 - C and be spinnable without foaming or decomposing. Though the copo.^stersTaS 
soluble ,n water to be applied to the present invention have excellent heat stability and stringiness they 
may develop tackiness, if an aqueous spinning oil emulsion being used in usual melt-spinning processes is 
applied, causmg an excessive rewinding tension during drawing, whereby drawing operability may be 
deteriorated, so that it is preferred to use non-aqueous spinning oils 

Additionally, into the polyesters readily soluble in water or an aqueous alkali solution, known additives 
such as delustrants. anti-ox.dants. lubricants or the like, may be incorporated 

As a polymerization process for producing the copolyesters to be used in the present invention various 
usual processes can be utilized. Applicable processes are, for example, a process comprising the steps of 
conducting an ester-interchange reaction of a dicarboxylic acid dimethyl ester and a glycol, distilling off 
produc.ng methanol, then vacuumizing gradually and conducting a polycondensation reaction under a high 
vacuum; a process comprising the steps of conducting an esterification reaction of a dicarboxylic acid and a 

wSL h h 0f \ Pr0ducin9 W2ter ' th6n vacuumi2in 9 ^dually and conducting a polycondensation 
reaction under a high vacuum; and in the case where a dicarboxylic acid dimethyl ester and a dicarboxylic 
acid are used m combination as starting acid ingredients, a process comprising the steps of conducting an 
ester-interchange react.on of the dicarboxylic acid dimethyl ester and a glycol, then adding the dicarboxylic 
acid, conducting an esterification reaction and then conducting a polycondensation reaction under high 
vacuum. As a reaction catalyst, any known catalysts can be employed, such as ester-interchange catalysts 
for examp e, manganese acetate, calcium acetate, zinc acetate or the like, and such as polycondensation 
r f c 1 example ' antim ° n V trioxide. germanium oxide, dibutyltin oxide, titanium tetrabutoxide or the 

'rinh^"? k' ^ Stabi K 26 !'- be made ° f P hos P norus impounds such as trimethyl phosphate, 

triphenyl phosphate or the like, and hindered phenolic compounds, such as IRGANOX 1010™ or the like 

i m3T' I^T CO " diti0ns ' such as Polymerization processes, catalysts, stabilizer or the like, are not 
limited to the above-described examples. 

Both the polyurethane and polyester components have been explained above, and in the next place the 
conjugate ratio will be explained. ^ ' 

The conjugate ratio should be in the range of 1/1 to 90/1, preferably 1/1 to 50/1, more preferably 1/1 to 
5/1 , by volume, that is. by cross-sectional area of the filament. 

More preferably, it may be in the range between 4/1 and 20/1 . If the conjugate ratio is less than 1/1 the 
filament is liable to become so brittle that the handling ability will be low in succeeding steps such as 
drawing and the l.ke, and further the component to be dissolved off from the filament increases in amount 
resulting m an economical disadvantage. Contrarily, if the conjugate ratio exceeds 90/1, spinnability tends to 
be lowered and particularly in the case of a sheath and core type, the sheath component becomes liable to 
break, so that it is not preferable. 

As the conjugate shape, two components may be conjugated into any shape, insofar as the above 
water-soluble polyester component is exposed on the surface of the filament in its cross-section. Any known 
shapes, such as a core and sheath type, cruciform type, or the like, may be extensively applied Amonq 
these a concentric core and sheath type conjugate shape wherein both the centers of gravity of the core 
and sheath components meet together is particularly preferred from the aspects of spinning stability as well 
as un.form.ty and handling property of the resulting filaments. Alternatively, a cruciform type as shown in 
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20 



25 



Sn^^^^j^ ?:z:zzrr e fi,amem yarns ^ - * 

polyester component. In this instance, yarn consTstino of 2 n disso,vin 9 «* removing the 

den,er per filament, can readily be obtained m!3 ° 6SS den,er Per fMament ' f °' example 0 2 
5 filament may be circular or non-circu. a ° Al ^nat,ve.y, the cross-sectional shape of the composite 

A process for manufacturino the filamor,* 

sheath type composite filament yams comprisH TcroTsVt T "T^ '' nter aHa ' core «* 

heremafter. ompnsing a cross-linked polyurethane core, will be explained 

Conjugate spinning can be suitably performed with a m .n 
>o sp.nn.ng head including a means of admixing HolU me ^^te-spinning apparatus provided with a 
po.yurethane is me,t-extruded. a mean Tof mett extZno T ^ * ,herm0p,ast,c Polyurethane before the 
component, and a Known spinneret for coreTnd sheath type 2T 7 alka, " eadil ^°'"°'e po.yester sheath 
As the means of admixi™ a ™, • sncatri type coniugate spinning. 

apparatus provided wVaTS ^"paSToTSi To 3 T P °^ ha - a "*ng 

'5 apparatus provided with static mixing elements Zt"Z "'^? ^ '* USe of a 

elements depend on use conditions and. howev e "hev « J ^ "* °' th ° S,atic ^ 

mixing may have been comp.eted before Z bw o, he tS f° ^ S ° that a thoro ^ 

P0.y, S ocyanate reaches the conjugate-spinning sp ^nereT JT TJ* P°'Whane admixed with 
core component of . molten polyurethane admixe w th a I J 9 ° e ' ementS Pr ° Vided - Th -- • 

water-readi.y-so.uble polyester melted separate v bv alfh^ * T^"* 6 a " d 3 Sheath """ponen. of a 
sinning spinneret and spun out into a compo ZlaLnT VT' "* into a 

Further, in designing a spinneret iorZTuTa e s 7nlT ° * " P °" 3 take " u P ro)l - 

of. for example, at least 15/1. the structure of he corTa'nd sVealh ^ * 3 C ° njU 9 3te rali ° 

sp.nneret is preferred to be formed as shown in Fin 2 „f f C T P ° nen,S meetin 9 portion j " the 
component b is constructed to have a small depth d lor exarnniT * h ^ 20nta ' 3PPr03Ch of a snea 'h 

W= ™enr;^ 

most about 3.000 m/rT ST. £££ ™ Z£ ~** ! SPe f d " « — 300 m/min. and at 
m/rmn. , f ordinary polyurethane P y ^'^°*™2£* a H S Pf d « high as. for examp.e, about 8.000 

decreases and stress increases extremely 7 c^^SSL ' hi9h ^ e, ° nQa,i ° n at break 

that such disadvantages are hardly suffered I ever win th 9 ^ Pr6Senl invention ' 11 is su PP°sed 
because the po.yester conv^n^^^J^^^ are tak ^ "P a. such a high speed. 
Orientation is not effected. polyurethane component from elongation and molecular 

two i°z7o7e z sss £££ s r. s ?™ yarn t s - use m - - -~ °< a < - « - - 

as a composition of polymers conjugate ra fo soTnl ? M ° p,,rn,2,n 9 conditions at spinning step, such 
spun yarns to a drawing s.ep. Among he abol 7 "1°!^ "'V* ,he ° ther b * »»*Slng the as 
sp.nn.ng step, particularly a spin-draw ^process is' Dre ^H V T 9 3 ° f elon 9 ation a * ^e 

composite filament yarn at a draw ratio of 13^ 5 S h ^ ^ ho, - drawin 9 or cold-drawing a 

polyester sheath component is readily oriented and °' * *™ ^ Spinnin 9. *» 

also set, so that the handling property of the va ' ! COnse * uenc * ^ the core component is 

drawing step, the final elongation at break cTSJ ^rl 7^ ""P™ 6 * Atter ,he s P innin 9 step and/or 
« particularly in the range of 20 to 100% A.?Irn at , P ° S ' te f " 3men,S * preferred 10 b e at least about 150% 
the standpoint of operability °° Alterna,lve| y- a 'ensi.e strength of at least 0.5 g/d is preferred from 

prod^r inz:™T^ ^~z n r ca , be used as a — s — ya rn 

textile secondary products or the like Z S^^nT™*^* SUCh 'abrics,' 

0 synthetic fibers, with a very good processabXv and * T * With ° ther na,ural "bers o 

Particularly, the potentially elastic oonSSS filamLt ' a " y Sp6Cial e 9"'P"ient being required 

nto stap,es and blended with other Ss Fun e 7 even whenT^" 9 ^ ^ ™ be cut 

"lament yarns, since the e.asticity of the po.y^etbane varns of Z " ^ po, ^^ane e.astic 

to use sophisticated warpers which have been used * , ^ ' S P ° tential - if is no « necessary 

o^nary warpers to be used in processing oZ^ ylT^ L , P °' yUre,h3ne »"*• -nstead" 

so far been regarded as very difficult in .processing Inn , , T" yamS ' 3re a PP ,ica ble. which have 
never been in the past heat-resistan. ^r^^^S^ST ^ ^ 
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In manufacturing textile structures having elastic stretchability and recoverability according to the 
present invention, use may be made of a process wherein the filament yarns of the present invention is 
fabricated into thread, fabrics, such as woven or knitted fabrics, nonwoven fabrics or the like or textile 
secondary products and then subjected to a water treatment to dissolve the sheath component to develop 
elasticity. The water treatment can be performed by utilizing a treatment with an aqueous solution in 
scouring, dyeing or the like steps. Particularly, in the case where the sheath component is readily soluble in 
an aqueous alkali solution, known processes of weight reduction with alkali which are generally used for 
polyester fibers also can be utilized. As explained above, since it comprises a water- or alkali-readily-soluble 
polyester sheath component and a polyurethane core component, the filament of the present invention has 
advantages as follows: 

- the sheath component polyester is produced readily by polymerization and has a qood hot-melt 
stability; 

• stretchability of fabricated composite yarns can be controlled at discretion; 

• this filament has an excellent taking-up ability during spinning operation, and exhibits substantially no 
tackiness so that it can be unwound from a bobbin, in the axial direction thereof; 

• in oil-application at spinning and taking-up steps, a non-expensive emulsion oiling agent can be 
employed, so that the filament yarns can be wound at a high speed, such as 1,000 m/min on a 
bobbin of a small diameter, and further, in a high speed spinning at a rate as high as 3.000 m/min 
taking-up is possible to conduct; 

. polyurethane elastic filament yarns obtained after dissolving the polyester component surprisingly 
have a tens.le strength as high as, for example, 4 g/d and an elongation at break as high as 300% or 
more, which has never been conceivable with respect to conventional polyurethane fibers and thus 
that the polyurethane filament yarns obtained by dissolving and removing the polyester component 
from the composite filament yarns according to the present invention exhibit a high tensile strength is 
an unexpected, remarkable effect; 

• elastic stretch-recovery of this polyurethane elastic filament yarns is about 80-90% in the case of 
polyester based polyurethanes, and about 88-95% in the case of polyether based polyurethanes- 

. ultrafine filament yarns of about 0.2 d/f can be readily obtained, which have not so far' been 

conceivable with respect to conventional urethane elastic yarns; and 
. this filament has a meritorious feature such as an advantage from the standpoint of industrial 

production, because it is produced by melt-spinning process. 
The filament yarns according to the present invention, since they have excellent features as mentioned 
above, can be adapted for diversified applications. For example, they can be fabricated into swimsuits with 
a simplified process and an excellent operability and further suitably used in socks, underwear panty hoses 
or the like. Particularly, if ultrafine filament yarns are used in these applications, articles ' having such 
excellent softness and hand as hitherto not obtainable can be obtained. 

Example 

The present invention will be explained more concretely by way of example hereinafter which however 
is not limitative. ' 

Example 1 

• Thermoplastic polyurethane. 

A thermoplastic polyurethane was synthesized according to a usual process with 3,500 parts by weight 
of a polytetramethylene glycol having a molecular weight of 1,000 and 1.220 parts by weight of pp'- 
d.phenylmethane dnsocyanate, using 245 parts by weight of i,4-bis(/3-hydroxyethoxy)benzene as a chain 
extender. This polymer had a relative viscosity of 2.12, determined at 25 'C with respect to its dimethyl 
formamide solution having a concentration of 1 g/100 ml. 

• Polyisocyanate. 

A viscous compound was obtained by reacting 850 parts by weight of a polytetramethylene glycol 
hav.ng a molecular weight of 850 with 500 parts by weight of p.p--diphenylmethane diisocyanate This 
compound contained 6.2% by weight of NCO group. 
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• Water-soluble copolyester. 



rr" 1 ° brr -^ ° f *-* -~ 10.34 

by we.gh. of calcium acetate monohydrate and 024 oa^ / W8i9ht ° f ethy ' ene ° par. 

ri S ,K t0 30 6S,er inte —n9e react",! a,' 170-22 -C uZ7 °' man93 " ese ac ^a,e tetrahydr'ate 
off methanol, then 0.05 part by weight of trimethvl ohnL , n n 3 n ' tr ° 9en 935 S,ream whi, e distilling 
poycondensation cata.yst. and ,7.17 part by ^014 c , h ^ * We '' 9ht °' tri °*"e a a 

Soun't 7 C ° ndUC,ed * 3 reac < ion lemp rat u re o 'S^.^ 6 acid — added and 
amount of water. Thereafter, the reaction system wa Z« f 35 ' Cw h,le distilling off about a theoretical 
po.ycondensation reaction was conducted a, 280 C a7 0 2 " m H T^r' 2 ^ and healed ' and f '"a"y a 
formu,at,on as shown in Table 1 were po.ymer.7ed in the same ^ "-P^on. having 
Assessment of the obtained polymers was rl! V w ° er 33 the above - 

glass transition temperature determ^tfon was w aCC ° rdinQ ,0 the ,0 " 0win 9 ™ ,h °^ 
^00. manufactured by RIGAKU K.K.Tb 2Z 3 ^rmoanaiyser (the trademark. TAS 

•ncreas.ng rate of lO'C/min. in a nitroge gaT«r2 m ^T?^ " P '° 180 ' C at a tempo ature 

the temperature again; and 9 9 tre3m ' then coo,,n 9 down to -1 50 • C and thereafter elevJng 

water-solubility: assessment was conducted of 7* „ , 
ag,tated a. 95 • C for 3 hours. ° f 75 9 ° f a Wyester added with 425 g water which was 

These polymers were spun individually into a «=inni 0 . 
mm diameter at an orjfjce ^' c appld !r 0nent . filament yWn 30 0rifice °< • OJS 

s.l.cone and then taken up a. a take-up rate of" 500 m/m tk " 9 m3in ' y com P"S-9 dimethy, 

collected. The results are shown in Table 1 m ' n - ThUS> 40 denier monofilament yams were 
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In Table 1, the yarn of the polymer from Comparative Example 1-1 was not measured for its tensile 
strength and elongation at break, because this polymer had a poor handling property in dry and, moreover 
the yarn obtained therefrom exhibited an increased tackiness. The polymer of Comparative Example 1-2 
contained less than 5 mol.% of a dimethyl 5-sodium-sulfoisophthalate moiety and was water-insoluble. The 
yarn from Comparative Example 1-3 was very brittle and had a low handling ability. In Comparative 
Example 1-4. since only diethylene glycol was used as a diol ingredient, the polymer had a glass transition 
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Then, examples of composite filament yarns will be explained 

thoroughly mixed by a static mix^S^ Z ^ ° ^ "° W then ,he COmbined ,,ow -as 
other hand, the water-soluble ^ZJS^S^T^ ^ < manufact - ed »y Kenics). On the 
melts were separate.y metered and intmd^T , 3 S6Parate 6X,rUder - The abo ^ two 

having four orifices of a 0 5 mm diamete A 40 de^ * ** C ° nCen,riC tyPe «Wte-spinning. 

of 1.500 m/min. on a take-up roll Me ltivel a Y-n was collected a. a take-up speed 

draw process wherein the first^ode, oi ^ ^ ^ ° btained aCC ° rdin9 ,0 3 Spin " 

and the delivery speed of the second node, rolf,™ P ' $ at 3 de " Very Speed of 500 

first godet roll. Other than the above Tol^LsZ^ ' Tin"" ^ ™ ^ "™ S that 0f the 
spun (Comparative Example 1-7). P°'y uretha ™ elastic yarn of 40d/1f without sheath component was 

Thlse ?e 0 su!ts SP l nin sho teP ' ?"« di ™^ ^ was used. 

Exampi s i-;r: z^i^**™*' the — - E - p,es — - 
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As shown in Table 2, in the case where an ordinary take-up machine was used, the tensile strength was 
decreased with decreasing core/sheath conjugate ratio, and particularly when the conjugate ratio was 1/6, 
the strength was so extremely low as 0.06 g/d that it was difficult to subject the yarn to the drawing step,' 
due to yarn breakages to occur. On the other hand, with respect to the yarns obtained by the spin-draw 
process, the elongation at break was decreased with increasing draw ratio during spinning, to an elongation 
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substantially the same as ordinary yarns surh a« . 

comparison of the yarns obtained b * ord^art t a T ! CMe ° f ^ C ° njU9a,e rati0 «*ng2rt. 

verifies tha, the fatter is superior with respect to the T Z ^ by ,he Spin " draw P«*«» 

examples o, the invention were superior in tfL° onQ STST ™ ^r" e ' 0n9a,i ° n - y3mS ° f the 

axial-direction ability. °" 9 " me take " u P ab,l,tv '. ""winding ability and unwinding-in- 

^^xz:7Z^z°^z warper d to be used in — 

yarns, knitting was conducted The knitted ooL , ^ ° f <he Pr6Sent invention as back 

problems. ^ 9 °° dS were further Processed in a finishing step with no 

Example 2 

Then, the yarns of Examples 1-4 and 1-7 and rv^~ 
mg/d and treated with ho, wafer a, 100 "c ]Jr3C IS !? ^ W6re '° aded with a of 1 

Comparative Example 2-1). The hot water shrSiKt' T ^ d ^ n 9 ^a mpieS 2^ and 2-2. and 
properties after the hot water treatment TtLt * (hereinafter referred l ° «• "HS", and physical 

yarn o, Example 1-7 had been TssllT^T^ * ^ * ^ ^ COmp0nent °< th * 
following formula: completely d.ssolved after the hot water treatment. The HS was found by the 

*> HS(%) = (original length - length after air dry) * ,00/origina. length 

Table 3 
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Comparative Example 2-1 
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28.5 


42.3 
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Tensile strength (g/d) 
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Elongation at break (%) 


463 


416 


583 



^^i^j^^^^r in r on had a — - 

was surprising indeed. Further wjh ZoeTZ ZrT ? ^ ^ 9 ' d had never been and 
shrinkage" usually occurs and the yams SI e ' aSt '' C ^ 3 S °- ca,led Spontaneous 

however, no such'a ptK-H^JTS^-^^ oT.heT^f " °' ^ " ^ 
yarns of the examples were further drawn If 150 r 1 L examp,es " s,nce the V had been set. The 

exhibited such a high HS as 70% ^ the ' r 0riginal ,en 9 ,h - ln case, the yarns 

Example 3 



1 weTe 6 ^^^^1 P*™*-" Scribed in Exam P ,e 

conjugate ratio o, 1/2 as shown in Rg' , Tn h s case thT s JnTn * Cr ° SS - SeC,i ° nal sha ' e * a 

45 to a spin-draw process a. a draw ratio of 2 L B ?' 9 °P er at-on was also conducted according 

yarn of 4 0d/ 20f was obtained. The r^.ts are Sn Z TabTe 7™ " '" "* ' 
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Table 4 




low e.o^ ela ^ *•» wording to the present invention has a 

1-3d/f was readily obtained ^ ° h ya„ To th e JmoJ ^h / ^ " """"^ fi ' amenl V- ° f 

yarn of th.s example. Th.s yarn was drawn 30% at room temperature 
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and then heat-treated for i minute in a hot-flue at 190-C. Then, after restoring the room temperature the 
yarn was relaxed and its stretch recovery was calculated by the following formula: 

Stretch recovery (%) = (1.3 x original length - set length) x 100/(1.3 x original length - original length) 

The result showed that without breaking by melting, the yarn exhibited a stretch recovery of 23% and 
had a sufficient heat resistivity. This yarn was useful for applications in not only textile field but also medical 
field, such as artificial veins or the like. 

Example 4 

Spinning was conducted in the same manner as Examples 1-3 except that the core/sheath conjugate 
ratio was changed to 8/1. the polyurethane core component and the water-soluble polyester sheath 
component were arranged in a concentric relation, and using an ordinary take-up machine, the take-up 
speed was changed. For comparison, a single component filament yarn of a polyurethane incorporated with 
a poly.socyanate was also produced. The fineness of these yarns was 40d/1f. The results are shown in 
Table 5. 

Table 5 



Test No. 


Example 
4-1 


Example 
4-2 


Example 4-3 


Comparative 
Example 4-1 


Comparative 
Example 4-2 


Core/sheath conjugate ratio 


8/1 


8/1 


8/1 


Single component 


Single component 


Spinning rate (m/min.) 


500 


1,000 


3,000 


500 


1 .000 


Tensile strength (g/d) 


0.78 


1.05 


1.21 . 


1.58 


1.62 


Elongation at break (%) 


781 


723 


699 


540 


355 


Stress at 300% elongation (g/d) 


0.11 


0.12 


0.15 


0.45 


1.23 


Stress at 100% elongation (g/d) 


0.02 


0.03 


0.05 


0.12 


0.45 


HS (%) 


0.0 


0.5 


2.1 


6.8 


13.6 



It is understood from Table 5 that though the strength increases and the elongation decreases with 
increasing spinning rate, the yarns of the invention, as compared with the yarn of the comparative 
examples, is very soft, exhibiting surprisingly a high elongation and a low HS. On the other hand it is 
understood that in the case of Comparative Example 4-2 where a single component yarn is spun at a high 
spinning rate, the resulting yarn becomes very hard. 

Example 5 

• Thermoplastic polyurethane. 

A thermoplastic polyurethane was synthesized according to a usual process with 14.6 mol % of a 
polyhexamethylene adipate having a molecular weight of 1,950 and 50.5 mol.% of p.p'-diphenylmethane 
di.socyanate, using 34.9 mol.% of 1 ,4-butanediol as a chain extender. This polymer had a relative viscosity 
of 2.15. determined at 25 -C with respect to its dimethyl formamide solution having a concentration of 
1g/100 ml. 



Polyisocyanate. 



A viscous compound was obtained by reacting*23.9 mol.% of a polycaprolactone diol having a 
molecular weight of 1,250 and a functionality of 2.0 and 4.2 mol.% of a polycaprolactone triol having a 
molecular weight of 1.250 and a functionality of 3 with 71.9 mol.% of p.p'-diphenylmethane diisocyanate 
This compound contained 6.6% by weight of NCO group. 



16 



EP 0 548 364 A1 



Water-soluble copolyester. 



w 



75 



20 



25 



by w p ei9t „ orcX ° d s z ^ssitf ^ 4 r^^ vvei9h, of dimethyi is °^ aia,e - ™ 

by weigh, of calcium acetate monohyd^ato and o2 ^ P ^ We ' 9ht ° f 6,hy ' 6ne 9,yCO '- 0073 P« 
were subjected to an ester interchange el ct i or 'un^er a nloL"' 9 ,° ma ' ,9aneSe 306,316 
1 70-220 -C. then 0.05 part by weight of h T Q3S S,r63m WW ' e disti,,inQ off "methanol at 

po.ycondensat.on catalyst, and 17 17 parts bv wJ oH f^f ' °° 4 ^ by weiBW °' antimo ^ tri °*^ as a 
es.erificat.on was conducted a, a reactfon ,em P Sl^S^T^-^ ^ ™ 3dd6d and 
amount of water. ThereaHer. the reac.ion sv^T , u 6 d ' Stl " ln9 off about a theoretical 

polycondensation reac.ion was conducted at 2B0 cJnl T VaCUumi2ed a "« heated, and finally a 
analy*ed and found to have an intrinsic viscosity of 0 45 9 * h ° UrS - ^ ° btain6d «**>ly me r was 

e^ -ruder, 1 8% b y weight of .he 

thoroughly mixed by a static mixer equ.pped wUh 35 m ? ° W 3nd ,hen ' he COmbined ,,ow w « 
other hand, the above-described JSS^JZSLT^ T < manu,acturad b V Kenics). On the 
separately metered and introduce I into TL^^Jl. T? ^ ^ tw0 me ' ts ™* 

of a 0.5 mm diameter. A 40 denier monnfiSTT concentric type conjugate-spinning, having 8 orifices 
take-up roll. Alternatively. uST^SS Too ''V" C °" eCted * 3 Speed of 600 on a 

conjugate-spinning was conducted In ST^TJ Tst "? W,thOU, 3ddin9 th6 P^^cyanate. the same 
agent. On the other hand, the same coniuaate sninnil ^T™* emU ' Si0n W3S USed as a SDinnin 9 oiling 



30 



35 



40 



45 



50 



Table 6 



Test No. 



Sheath component 



Core component 
(crosslink density) 



Core/sheath 
conjugate ratio 



Tensile strength 

(g/d) 



Elongation at 
break (%) 



Unwinding 
coefficient 



Example 5-1 



Water-soluble polyester 



Polyurethane (6) 



Example 5-2 



Water-soluble 
polyester 



Crosslinked 
polyurethane (30) 



Comparative 
Example 5-1 



Thermoplastic 
polyurethane 



Crosslinked 
polyurethane (30) 




Comparative 
Example 5-2 



Thermoplastic 
polyurethane 



Crosslinked 
polyurethane (30) 



Long time 
taking-up ability 

Axial unwindability 



55 



- r^rsz on a bobbin * ~ d - 3 - °< 

package on the take-up roll. a , ,he time when* unw ndino'n, » T" ^ °' *" ^ t0 the ^ 
to the surface of the bobbin. The long time taking U o a m? eC ° m6S im P ossible *™ to sticking 

•ha, is, a period of time during which a Tarn em yam 'can be b * a ta >—P continuab.e time 

paper tube having an outside diameter o'Z rnT^Z^^ * ' °' 6 °° m/min " °" a 

occurring. OS mm - w,,h °"t cobwebb.ng or collapsing of the yarn package 
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From Table 6, it is found that the filament yarns according to the present invention have excellent long 
time taking-up ability and ability of unwinding to the axial direction of bobbin (axial unwindability) and, on 
the other hand, with regard to the polyurethane/poiyurethane composite elastic filament yarns/one having a 
tackiness has a high, long time taking-up ability but a low unwindability in contrast with that the yarn of 
Comparative Example 5-1 having no tackiness has an improved unwindability but is impossible to take up 
continually for a long time. The above yarn of Comparative Example 5-2 could not be used in succeeding 
steps unless measures, such as rewinding or the like, were taken. 

Example 6 

The core/sheath conjugate ratio was changed. The results are shown in Table 7. 

Table 7 



Test No. 


Comparative 
Example 6-1 


Example 6-1 


Example 6-2 


Comparative Example 6-2 


Sheath 
component 


Water-soluble 
polyester 


Water-soluble 
polyester 


Water-soluble polyester 


Water-soluble polyester 


Core 

component 


Crosslinked 
polyurethane 


Crosslinked 
polyurethane 


Crosslinked polyurethane 


Crosslinked polyurethane 


Core/sheath 
conjugate ratio 


1/2 


5/1 


40/1 


100/1 


Tensile 
strength (g/d) 


0.33 


1.30 


1.35 


1.55 


Elongation at 
break (%) 


19 


98 


503 


548 


Unwinding 
coefficient 


1.00 


1.00 


1.00 


1.00-2.13 


Axial 

unwindability 


A~X 


® 


® 


X 



It is understood from the above table that the elongation at break and streteh recovery are improved as 
the ratio of the sheath component decreases. However, when the core/sheath conjugate ratio was 100/1 
fluctuation of the unwinding coefficient was big and the axial unwinding was not performed. In this instance' 
exposures of the core component due to breakages of the sheath component were recognized by a careful 
observation. Contrarily, when this conjugate ratio is 1/2, the physical properties were so poor that yarn 
breakages occurred during axial unwinding. 

Example 7 

Then, the filament yarns of Example 5-2 and Comparative Example 5-2 were loaded with a weight of 1 
mg/d and heat-treated with hot water at 100-C for 30 minutes, followed by air drying. Physical properties of 
these treated yarns are shown in Table 8. 
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Table 8 



Item 


Yarn of Example 5-2 


Yarn of Comparative Example 5-1 


Before treatment 


After treatment 


Before treatment 


After treatment 


Tensile strength (g/d) 


1.13 


1.52 


1.59 


1.58 


Elongation at break (%) 


153 


556 


552 


559 


Recoverability (%) 


20.2 


90.5 


88.6 


89.2 



70 



In Table 8, the stretch recovery is found by the following equation, when a 100% stretch of a yarn at 
room temperature was repeated twice: 



75 



Stretch recovery (%) = 



Contra ctiie force at 50% stret ch in the 2nd stretch 
Tensile force at 50% stretch in the 2nd stretch 



X 100 



20 The larger the above value, the more excellent the stretch recovery. 

From Table 8, it is understood that the yarn according to the present invention develops stretch 
recovery and elongation through a hot water treatment. 

Further, with the yarn of Example 5-2, a hose was knit on a single feeder knitting machine. In this case, 
no difficulty in operability was encountered. Alternatively, the polyurethane single component yarn of 
25 Comparative Example 5-2 could not be knit unless a special oil was applied. Then, the above hose was 
soaked in hot water at 100'C for 30 minutes. The results are shown in Table 9. 

Table 9 



30 



Item 


Hose of Example 5-2 


Hose of Comparative 
Example 5-2 


Stretch recovery in course direction after soaking 


65% 


67% 



35 



Before soaking, the hose of this example was little stretched in contrast with that that of the comparative 
example had a stretch recovery of 65%. 
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50 



55 



Example 8 

The composite filament yarns comprising a crosslinked polyurethane core component (Example 5-2) 
shown in Example 5 was cold-drawn at a draw ratio of 2 times. In the same manner as warping of nylon 
yarns, these yarns were warped by drawing out from bobbins in the axial direction thereof. Alternatively, the 
polyurethane elastic yarns of Comparative Example 5-2 were used after rewinding and, however, in warping, 
these yarns could not be warped due to many yarn breakages, unless a positive yarn delivery device was 
used. 

The yarns of Example 5-2 on a warper's beam were used as a back warp and a 50d/12fil nylon yarns 
were used as a front yarn. Then, a half tricot of 28 gauges was knit with compound needles at a speed of 
1,300 r.p.m. As the result, the operability was excellent. The resulting gray fabric was scoured at 90 °C for 5 
minutes and heat-set at 190*C. Then, the resulting fabric was dyed in navy blue. The dyed fabric was free 
from warp streaks as well as tiny defects, arrd was enough adaptable for application in swimsuits. It is noted 
that in the composite filament back warps, the. sheath component had completely been dissolved away. A 
swimsuit made up with this fabric had a sufficient stretch recovery. 

Example 9 

Replacing the thermoplastic polyurethane by a polyether-based polyurethane (the trademark, P2060: 
having a hardness of 86, manufactured by Dainichiseika Color & Chemicals Mfg. Co., Ltd.) and the sheath 
component by the following alkali-soluble polyester in Example 5, conjugate-spinning was conducted in the 
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same manner. 



• Alkali-soluble polyester. 

Using 70 mol.% of dimethyl terephthalate, 30 mol.% of isophthalic acid, 5 mol % of 5-sodium- 
sulfoisophthalic acid and 100 mol.% of ethylene glycol, a polyester was synthesized and pelletized by a 
usual process. 3 

This polyester had an intrinsic viscosity of 0.52. 

The results are shown in Table 10. 

Table 10 



Item 


Example 9-1 


Example 9-2 


Sheath component 
Core component 
Core/sheath conjugate ratio 
Tensile strength (g/d) 
Elongation at break (%) 
Unwinding coefficient 
Axial unwindability 


Alkali-soluble polyester 
Crosslinked polyurethane 
10/1 
1.08 
298 
1.00 
® 


Alkali-solubule polyester 
Crosslinked polyurethane 

30/1 

1.19 

415 

1.00 

® 



2. 



It is understood trom Table 10 that the elasticity of the composite filament yarns increases with 
mcreasmg core/sheath conjugate ratio and that the yarns of the present invention has a very qood 
unwindability, particularly, axial unwindability. 

The filament yarn of Example 9-1, when it was subjected to an alkali treatment with a boiling 1% cone 
sodium hydroxide aqueous solution for 20 minutes, developed high elasticity and stretch recovery This 
yarn was able to be blended with polyester fibers. 

Claims 

1. A potentially elastic composite filament characterized by a unitary filament wherein a crosslinked 
polyurethane having mainly an allophanate crosslinked structure, with a Shore A hardness of 75-98 and 
a polyester readily soluble in water or an aqueous alkali solution are bonded together at a 
polyurethane/polyester conjugate ratio (cross-sectional area ratio) ranging from 1/1 to 90/1 extendinq 
uniformly along the length of the filament, said polyester being exposed on the surface of the filament 
and said polyurethane alone having a tensile strength of 1.0-5.5 g/d, an elongation at break of 350- 
1 ,200% and an excellent elastic recoverability. 

The composite filament according to Claim 1. which is a core and sheath type composite filament 
composed of said polyurethane as the core component and said polyester as the sheath component. 

The composite filament according to Claim 1, wherein said allophanate crosslinked structure has a 
crosslink density of at least 6 umol/g. ' "~ 

The composite filament according to Claim 1, wherein said allophanate crosslinked structure has a 
crosslink density of at least 10 umol/g. 

th^rangTofl/Zto 50? a ° COrdin9 l ° C ' 3im 1 " Wherein Said Po'V^thane/polyester conjugate ratio is in 

The composite filament according to Claim 1, wherein said polyurethane/polyester conjugate ratio is in 
the range of 1/1 to 5/1 , and said tensile strength is in the range of 1 .8 to 5.5 g/d. 

7. The composite filament according to Claim 1 . wherein said tensile strength is in the range of 2 5 to 4 5 
g/d. 

8. The composite filament according to Claim 1. wherein said elongation at break is 400 to 800%. 

20 
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9. The composite filament according to Claim 1, wherein the polyester readily soluble in water is formed 
from, as acid ingredients, 5-20 mol.% of an aromatic dicarboxylic acid and/or its ester-formable 
derivative (A ingredient), at least 55 mol.% of an aromatic dicarboxylic acid and/or its ester-formable 
derivative other than the A ingredient (B ingredient), an alicyclic dicarboxylic acid and/or its ester- 

5 formable derivative (C ingredient) and an aliphatic dicarboxylic acid "and/or its ester-formable derivative 

(D ingredient) and, as a glycol ingredient, at least 50 mol.% of ethylene glycol, said C ingredient and D 
ingredient satisfying the following relation: 

" 0 mol.% < C + 4D < 40 mol. 

w 

wherein C and D represent mol fractions of the C ingredient and D ingredient, respectively, in the total 
acid ingredient. 

10. The composite filament according to Claim 9, wherein said polyester readily soluble in water has a 
75 glass transition temperature of 35 to 80 • C. 

11. The composite filament according to Claim 1, wherein said polyester readily soluble in water is a 
copolyester formed from terephthalic acid, isophthalic acid and a dicarboxylic acid having a sulfonate 
group as acid ingredients, and ethylene glycol as a diol ingredient. 

20 

12. A process for manufacturing a composite filament, which is characterized by melting separately a 
thermoplastic polyurethane having a Shore A hardness of 75 to 98 and a polyester readily soluble in 
water or an aqueous alkali solution, admixing the resulting polyurethane melt with a polyisocyanate, and 
then conjugate-spinning the both molten polymers at a polyurethane/polyester conjugate ratio (by 

25 volume) of 1/1 to 90/1 in such a relative arrangement in the cross-section of the filament that said 

polyester may be exposed on the surface of the filament, followed by taking up at a take-up speed of 
300 to 3,000 m/min. 

13. A process for manufacturing a textile structure having an elastic stretchability and recoverability, 
30 characterized by fabricating a textile structure with a potentially elastic composite filament yarn 

consisting of a unitary filament wherein a crosslinked polyurethane having mainly an allophanate 
crosslinked structure, with a Shore A hardness of 75-98, and a polyester readily soluble in water or an 
aqueous alkali solution are bonded together at a polyurethane/polyester conjugate ratio (cross-sectional 
area ratio) ranging from 1/1 to 90/1, extending uniformly along the length of the filament, said polyester 
35 being exposed on the surface of the filament and said polyurethane alone having a tensile strength of 

1.0-5.5 g/d, an elongation at break of 350-1,200% and an excellent elastic recoverability, and then 
treating the resulting textile structure with water or an aqueous alkali solution under heating to 
substantially dissolve and remove said polyester. 
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FIG. I 




Polyurethane 



Polyester Readily 
Soluble in Water 



FIG. 2 
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